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PREDICTIVE FAILURE SCHEME FOR INDUSTRIAL THIN FILMS 
PROCESSING POWER DELIVERY SYSTEM 



FIELD OF THE INVENTION 
[0001] The present invention relates to predictive failure for power 
supplies and, more particularly, to monitoring parameters of a power supply and 
analyzing those parameters in order to generate warning indicators. 



BACKGROUND OF THE INVENTION 
[0002] Material processing applications, such as plasma deposition 
and sputtering through the utilization of the plasmas, are well known. These 
processes require power delivery systems. The power delivery system generally 
provides a radio frequency (RF) or high direct voltage direct current (DC) power 
signal coupled to a plasma chamber. In such an application, inconsistency or 
failure of a power supply during a material processing session can cause the 
entire loss of the material in process. Such a loss can be expensive and highly 
undesirable. 

[0003] No power delivery system for semiconductor processing 
applications presently monitors operating parameters of the power delivery 
system in order to predict maintenance requirements and to avoid power delivery 
system failure. The lack of any on-the-fly monitoring system for predicting 
maintenance and failures makes it necessary to merely schedule maintenance of 
the power delivery system in order to prevent such mid-session power delivery 
system inconsistencies or failure. Accordingly, necessary maintenance may not 
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occur in a timely manner, resulting inconsistent operation or failure of the power 
delivery system. 

[0004] Present power delivery systems also do not provide any way for 
the manufacturer, distributor, or plant or customer to monitor operation of the 
power delivery system or to build a historical database of power supply 
information at a location remote from the power delivery system location. 
Remote monitoring and building a historical database of power delivery system 
information provides valuable data for scheduling required maintenance of the 
remote power delivery system. Remote monitoring and building a database may 
also enable data analysis applicable to similarly installed power delivery systems, 
and assist in designing future power delivery systems. 

[0005] Because no present power delivery system enables remote 
monitoring, analysis, and data collection, power delivery systems require 
technicians to travel to the installation to do on-site service. Alternatively, 
customers often return a failed power delivery system to the manufacturer 
service. Having trained technicians perform on-site service can be costly to the 
customer. On the other hand, because the operation of power delivery systems 
greatly depends upon the environment, removing and returning a power delivery 
system for service often results in the power delivery system passing all the tests 
performed at the service center. Further, no on-site operating data usually 
accompanies the returned power delivery system. 

[0006] Monitoring power delivery system performance using a host 
controller proves inadequate because of speed limitations of the host controller. 
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Thus, critical information for analysis often must be obtained directly from the 
power delivery system independently from the host controller. Present power 
delivery systems also do not allow for remotely configuring a power delivery 
system for diagnostic tests. This requires that either a technician travel to the 
power delivery system site or that the service center step the manufacturer 
through configuring the unit for diagnostic test. Because such a configuration 
process can be both difficult and time consuming, the customer may commit 
errors during configuration, rendering the test of limited value. Because these 
difficulties often necessitate a qualified technician to travel to the power delivery 
system site, response times for servicing problem units requires additional 
downtime of the material processing system. 

[0007] Because many material processing applications are considered 
highly secret by the material processors, material processors are reluctant to 
transmit information to remote sites, even the manufacturer, in order to protect 
critical process information. On the other hand, if a service technician must 
travel to the power delivery system site in order to set up and oversee an 
appropriate data logging/analysis system, this increases the cost and further 
slows the repair process. 

[0008] Thus, it is desirable to provide a system for monitoring a power 
delivery system and a system for remotely monitoring a power delivery system. 
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SUMMARY OF THE INVENTION 



[0009] 



This invention is directed to a method of monitoring a power 



delivery system. The method includes the steps of providing a power generator 
which generates an output power, a sensor for monitoring the output power 
generated by the power generator, and a controller for receiving input from the 
sensor and providing control signals to vary operation of the power generator. 
The method also includes the step of monitoring a plurality of parameters 
associated with the power delivery system. A set of rules is applied to the 
parameters to determine a state of operation of the power delivery system. 

[0010] This invention is also directed to a method of remotely 
monitoring a power delivery system. The method includes the steps of providing 
a power generator which generates an output power, a sensor for monitoring the 
output power generated by the power generator, and a controller for receiving 
input from the sensor and providing control signals to vary operation of the power 
generator. At least one of the plurality of parameters is communicated to a 
remote site. Plurality of parameters associated with the power delivery system 
and communicated to the remote site are monitored. A database at the remote 
site stores the plurality of parameters communicated to the remote site. 

[0011] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0013] FIG. 1 is a block diagram of a power delivery system arranged 
in accordance with the principles of the present invention; 

[0014] FIG. 2 is a block diagram of a power delivery system monitor 
arranged in accordance with the principles of the present invention; 

[0015] FIG. 3 is a flow diagram for monitoring operation of the power 
delivery system monitor; 

[0016] FIG. 4 is a block diagram of a power delivery system and a 
remote monitor system arranged in accordance with the principles of the present 
invention; 

[0017] FIG. 5 is a block diagram of a remote power delivery system 
monitoring system for multiple power delivery systems; 

[0018] FIG. 6 is a block diagram of a remote monitoring system for 
monitoring the operation of multiple power delivery systems at multiple local 
sites; and 

[0019] FIG. 7 is a block diagram depicting operation of the remote 
power delivery monitoring system. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The following description of the preferred embodiment(s) is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0021] Fig. 1 depicts a block diagram of power delivery system 10 
arranged in accordance with the principles of the present invention. Power 
delivery system 10 includes a delivery system 12 which includes a power 
generator or power generator module 14. Power generator 14 receives an input 
signal, such as an alternating current (AC) input signal from AC input/main 
housekeeping module 16. Power is received by AC input 16 through an AC 
receptacle 18. AC input 16 conditions the AC signal for application and input to 
power generator 14. Power generator 14 is embodied as any device which 
converts an input signal to a predetermined output signal. AC input 16 also 
converts the AC input signal to a low level direct current (DC) signal for powering 
logic level components. 

[0022] Preferably, power generator 14 is configured to output a radio 
frequency (RF) signal by converting the AC input to a predetermined DC voltage. 
A pair of switches, such as a push pull amplifier configuration, in turn converts 
the DC voltage to an RF output voltage which may be filtered prior to output from 
power generator 14. The operation of power generator 14 may be any type of 
conventional operation known in the art, including single and two stage 
conversions. 
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[0023] Power generator 14 generates an output voltage to an 
impedance match network or module 20 prior to application to a load 22. Power 
generator 14 includes an internal output sensor which determines the output of 
power generator 14. Impedance match module 20 typically provides a variable 
impedance between power generator 14 and load 22 in order to maintain a 
predetermined impedance at the output of power generator 14, typically 50 
ohms. 

[0024] An output metrology module or output sensor 24 receives the 
power output from impedance match network 20 prior to application to load 22. 
Output sensor 24 measures predetermined parameters found in the output from 
impedance match network 20. For example, output sensor 24 may measure one 
or a plurality of parameters including voltage, current, power, frequency, phase, 
or other parameters of interest in generating a power output to load 22. 

[0025] Both impedance match network 20 and output sensor 24 
generate data signals to delivery system controller 26. Delivery system controller 
26 receives data from one or both impedance match network 20 and output 
sensor 24. Delivery system controller 26 receives the data and generates at 
least one of a control or data signal to power generator 14, as will be described in 
greater detail herein. Delivery system controller 26 may also generate control 
signals to or exchange data with each of match network 20, output sensor 24, 
load 22, and AC input 16. Delivery system controller 26 also exchanges data 
with an input/output (I/O) adapter or adapter module 28, also known as a 
peripheral optional device (POD). I/O adapter 28 enables communications with 
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external devices, such as an overall system controller, plasma system controller, 
test module, user input module, or other modules which may desire to share data 
with or control operation of delivery system 12. 

[0026] Communications occur between various modules of power 
delivery system. More specifically, delivery system controller 26 functions as a 
common controller core which interconnects system and subsystem modules via 
high speed communications links 34, 36, 38, 48, and 58. These communications 
links enable single or bidirectional communications as design criteria dictates. 
Communications link 34 interconnects power generator 14 with delivery system 
controller 26 to enable high speed, bidirectional communications. 
Communications link 36 interconnects impedance match network 20 with delivery 
system controller 26 as required. Communications link 38 interconnects output 
sensor 24 with delivery system controller 26 as required. Communications link 
48 interconnects AC input 16 with delivery system controller 26. 
Communications link 58 interconnects delivery system controller 26 with load 22. 

[0027] Delivery system controller 26 communicates with each of power 
generator 14, impedance match network 20, output sensor 24, load 22, and I/O 
adapter 28 using either a direct signal connection or a digital communications 
protocol, which preferably is a high speed digital communications protocol. The 
protocol may include error detection and correction to improve reliability of 
communications between system controller 26 and each device with which power 
controller 26 exchanges data. Such a protocol enables control and feedback 
signals to have a very high dynamic range compared to traditional analog 
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methods for control and measurement. To effect the digital communications, 
each module described herein may have a digital communications port, and each 
communications link functions cooperatively to define a digital interface between 
the connected modules. 

[0028] In a particular feature of the subject invention, delivery system 
controller 26 also includes a system monitor 46, as will be described herein in 
greater detail. It should be understood that delivery system controller 26 is 
shown in Fig. 1 as including system monitor 46. Alternatively, one skilled in the 
art will recognize that system monitor 46 may alternatively be configured as a 
module separate from delivery system controller 26. System monitor 46 provides 
a fast detection system for power delivery system 10. 

[0029] In addition to the inputs described above with respect to power 
generator 14, impedance match network 20, output sensor 24, load 22, and AC 
input 16, additional inputs from various sensors, such as the output sensor of 
power generator 14, may be applied to delivery system controller 26 in order to 
provide system monitor 46 with sufficient inputs in order to analyze operation of 
power delivery system 10. Power delivery system 10 may also include 
environmental sensors, such as environmental sensor 52, which connects to 
delivery system controller 26 via communications link 54. Communications link 
54 may operate similarly as described above with respect to communications link 
34, 36, 38, 48, and 58. That is, communications link 54 may transmit either 
digital or analog signals, or a combination of digital and analog signals, to effect 
single and bidirectional communications as design criteria dictate. 
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[0030] As shown herein, system monitor 46 monitors various 
parameters which characterize operation of power delivery system 10. System 
monitor 46 generates a monitor output signal, either analog or digital, which 
provides information regarding the operation power delivery system 10. Such 
information may include recommended maintenance, error detection and 
proposed correction, failure mode warnings, or other information related to power 
delivery system 10. 

[0031] Fig. 2 depicts a block diagram of system monitor 46 of Fig. 1. 
System monitor 46 receives parameters via the above-described 
communications links. Parameter 1 , parameter 2, and parameter n are input to 
parameter database 60. The parameters input to system monitor 46, by way of 
example, may include system power conversion efficiency, subsystem power 
conversion efficiency, operating hours, number of output actuations, component 
temperatures, ambient air temperatures, ambient water temperatures, humidity, 
dust or contamination factors, communications link error rates, gain 
characteristics, shift in gain characteristics, response characteristics, shift in 
response characteristics, drift in the AC input line, transients in the AC input line, 
fatigue data including the number of contactor cycles, electro-mechanical device 
cycling, thermal cycling of power components, load transients such as arcs, 
feedback integrity from system sensors, or other parameters or trends that may 
be useful in defining operation of power delivery system 10. Preferably, 
parameter database 60 is implemented in a neural network. The neural network 
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of parameter database 60 creates and maintains a historical log of the parameter 
data input to parameter database 60 and compresses the parameter data. 

[0032] Parameter database 60 stores the data and outputs the data to 
an analysis engine 62. Analysis engine 62 may be implemented using a neural 
network, fuzzy logic, or other artificial intelligence systems. As will be described 
in greater detail herein, analysis engine 62 analyzes parametric data received 
from parameter database 60 and determines whether the same is within a 
predetermined range or determines whether the individual or groupings of 
parametric data suggest desirable or undesirable conditions. 

[0033] Analysis engine 62 outputs a number of conditions to an expert 
system 64. Expert system 64 receives the conditions from analysis engine 62 
and applies the conditions to rules received from rules database 66. Rules 
database 66 contains one or a number of rules which, when applied to the 
conditions received from analysis engine 62 in expert system 64, defines 
operation of power delivery system 10 and generates a warning or fault indicator. 
Expert system 64 outputs one or a number of warnings, fault indicators, or failure 
mode data or flags which indicate the state of power delivery system 10 or a 
portion of power delivery system 10. The rules stored in rules database 66 may 
be generated and periodically updated via a neural network or fuzzy logic system 
in accordance with various design considerations. Alternatively, the rules stored 
in rules database 66 may be defined by the system designer, and may be fixed 
until modified by the system designer. The rules may be applied using traditional 
software techniques, such as IF-THEN statements, or may use artificial 



11 



# 



Attoi 



locket No. 3197-000012 



intelligence, such as expert systems, fuzzy logic, decision trees, fault trees, or 
neural networks. 

[0034] In a preferred embodiment, the rules stored in rules database 
66 are implemented to linguistically define operation of power delivery system 10. 
For example, rather than specifically defined limits, fuzzy descriptions of the 
rules, such as "decreased", "high", "normal", and "mismatched" are used. When 
a mathematical function defines an output parameter, variation in that function 
are preferably characterized as "increased" or "decreased" to ensure that some 
other variable did not cause the change. For example, if the efficiency drops, but 
the load impedance Z and power did not change, system variations may have 
caused the efficiency change. On the other hand, if the efficiency changed, but 
the output power was reduced, the efficiency change could be caused by the 
operating point change, rather than system variation. By way of example, 
several rules are shown below to demonstrate the fuzzy nature of the rules. 

[0035] IF (Power Amplifier (PA) efficiency has decreased) AND 



((at least one of the power transistors (PT) temps is 



high) OR 



(the PT currents are mismatched) 



THEN Possible PA problem. 



[0036] IF 



(PA efficiency has decreased) AND 



((at least one of the PT temps is high) OR 



(the PT currents are mismatched)) AND 



(Driver current is low) 
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THEN Possible driver problem or excitation board problem. 
[0037] IF (Bulk ripple voltage has increased) AND 

((PA efficiency has not changed) AND 
(Bulk voltage has not dropped) 
THEN Bulk caps may be degrading/drying out. 
[0038] IF (Modulator efficiency has decreased) AND 

(Bulk voltage has not increased) AND 
(PA efficiency has stayed the same) 
THEN possible modulator problem. 

(Bulk capacitor charging time has increased 
significantly) 

possible modulator leakage problem. 
(Bulk capacitor charging time is approximately zero) 
possible welded contactor. 
(Bulk capacitor discharge time is infinite) 
Possible welded contactor. 
(Ambient temp has not changed) AND 
(PA transformer temp has increased) AND 
(PA efficiency has not changed) AND 
(unit is at thermal steady-state) 
THEN Possible PA transformer problem. 
[0043] IF (PT temps have increased) AND 

(PT temps are matched) AND 



[0039] IF 

THEN 
[0040] IF 

THEN 
[0041] IF 

THEN 
[0042] IF 
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(inlet water temp has not changed) AND 
(PA efficiency has not changed) 
[0044] THEN Possible decrease in water flow. 
[0045] IF (PT temps have increased) AND 

(PT temps are mismatched) AND 
(inlet water temp has not changed) AND 
(PA efficiency has not changed) 
THEN Possible PT heat sinking problem. 
[0046] IF (PT temps are mismatched) AND 

(PA efficiency has not changed) AND 
(PT currents are matched) 
THEN Possible PT temp sensor problem (ok to keep 
running). 

[0047] IF (PT currents are mismatched) AND 

(PA efficiency has not changed) AND 
(PT temps are the same) AND 
(Driver current has not changed) 
THEN Possible PA current sensor problem (ok to keep 
running). 

[0048] IF (Modulator housekeeping (HK) voltage has dropped) 

AND 

(Bulk voltage has not changed) 
THEN Possible modulator HK problem. 
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[0049] IF (the bulk voltage brown-out rate has increased) 

THEN Possible facility power problem. 
[0050] IF (the ambient temperature increased) AND 

(fan(s) are ok) 
THEN Possible facility cooling problem. 
[0051] IF (Communications error rate has increased) AND 

(modulator HK ripple has increased) 
THEN Possible noise problems. 
[0052] IF (Interlock trip lasted <0.1 ms) 

THEN Possible noise on interlock (probably not caused by 
an electromechanical switch). 
[0053] IF (modules have significantly different error rates) 

THEN Possible grounding problem on the high error rate 
module. 

[0054] FIG. 3 depicts a flow diagram for the operation of system 
monitor 46. Control commences at start block 70 and proceeds to monitor 
parameters block 72. At monitor parameters block 72, the parameters defining 
operation of power delivery system 10 are input to parameter database 60. Also 
at monitor parameters block 72, analysis engine 62 analyzes data received from 
parameter database 60 and generates conditions which are output to expert 
system 64. Control then proceeds to apply rules 74. Prior to application of the 
rules at apply rules block 74, rules are generated at generate rules block 76. 
Generate rules block 76 generates the rules as described above with respect to 
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rules database 66. The rules are stored in rules database 66. Apply rules block 
74 compares the conditions received from analysis engine 62 with the rules 
received from rules database 66. Control next proceeds to determine 
action/alarms block 78. At determine action/alarms block 78, maintenance 
suggestions, warning, fault conditions, and other possible action based on data 
regarding power delivery system 10 are output from expert system 64. Control 
then proceeds to end block 80. 

[0055] Expert system 64 and apply rules block 74 utilizes a database of 
expected parameter behavior based upon normal operation, operation without 
failure, and a set of rules for using this data. Because many parameters of 
power delivery system 10 are affected by external variables such as AC line 
voltage ambient temperature, and load impedance, rules database 66 and 
analysis engine 62 must include these effects to prevent false warnings or fault 
modes. Such external variables can be addressed by creating a system model 
using a lookup table or empirically determined models based upon measurement 
data from sample power delivery systems. If actions/alarms block 78 determines 
that a fault, defined as a serious imminent failure requiring power delivery system 
10 to shut down, or warning, defined as an abnormal operation or drift, is 
indicated, determine action/alarm block 78 states the appropriate action to 
protect power delivery system 10 and indicates that a subsystem of power 
delivery system 10 or external utility requires service. This action protects both 
the power delivery system 10 and the overall customer system in which power 
delivery system 10 is installed. 
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[0056] As described above, rules database 66 stores rules input to 
expert system 64. Such rules include both rules and expected values for a given 
system. With respect to the subject invention, the rules must be defined to 
prevent warning or failure indications when none actually exists. Two 
approaches may be implemented to derive the rules and expected values. 

[0057] A first approach will be referred to as a guard band approach. 
In the guard band approach, a band is placed around an expected value of a 
parameter, and a warning or fault indicator is output when the parameter falls 
outside the predefined band. By way of example, if it is known that the internal 
ambient temperature of a chassis varies linearly over the normal operating range 
as a function of the internal power dissipation and external ambient temperature, 
the normal or fault free ambient temperature can be defined by the following 
equation (1): 



Tamb is the external ambient temperature; 

a is a proportionality constant based on empirical data; and 

P d iss is the calculated heat dissipation, which is determined using 

sensor data. 

[0058] Rules database 66 may store the expected behavior of the 
internal ambient temperature in lookup table or calculate this temperature ad 
needed. By placing a guard band, such as ± 10% as a threshold for a warning or 
± 20% as a threshold for a fault, around the internal ambient temperature, expert 




(1) 



Where 



Tnt is the expected ambient temperature; 
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system 64 generates a warning when the temperature falls outside either the 
warning or fault guard bands. 

[0059] As an alternative to the guard band approach, a physics-of- 
failure approach can be used to determine rules for rules database 66 as a 
metric for when a fault or warning operating condition exists. When the physics- 
of-failure approach indicates the possibility of component or subsystem has a 
high probability failure, appropriate flags and actions can be taken. 

[0060] Electronic component failure can be modeled using chemical 
reaction or material diffusion models. Electro-mechanical component failure 
modes are usually based on a mean cycles to failure (MCTF) model. Thermal 
fatigue models of solder joints and semiconductor die attachment use a 
combination of temperature difference (AT) and cycles to failure. 

[0061] By way of a specific example, parameters such as temperature 
and efficiency, which may be used to estimate temperature, provide sound 
indicators of system performance. An Arrhenius relation describes an 
exponential dependence of chemical reaction rate on temperature. Most 
electronic component failures result from chemical reactions also know as 
diffusion phenomenon. The Arrhenius equation defines the acceleration factor, 
also defined as the increased failure rate, as a result of an increase in 
component temperature. It may be described as shown below in equation: 




(2) 



where 



A 



is the acceleration factor; 
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-Ea is the activation energy in electron volts, which varies with 
the particular failure mechanism; 

k is the Boltzmann's constant; 

T is the increased temperature value (°K); and 

Tn is the normal temperature (°K). 
[0062] The above-described system generates warning and fault mode 
indicators prior to their leading to an actual fault. This provides advanced 
warning to minimize system downtime and reduce the overall cost of ownership. 
Further, such a system benefits the power delivery system manufacturer by 
reducing the number of units returned to the manufacturer and later tested to 
determine that no apparent problem exists with the unit. Further, the system 
described above reduces the overall failure rate of critical components based on 
operating conditions. 

[0063] The above system described with respect to Figs. 1 -3 is shown 
as operating locally with respect to the power delivery system to be monitored. 
However, for some applications, such as where the manufacturer or distributor of 
the power delivery system is located remotely from the customer, a system 
monitor located remotely from the power delivery system may facilitate service of 
the power delivery system and enable remote system monitoring as well as 
remote data collection. As will be described herein, remote system monitoring 
and data collection capabilities provide greater flexibility by facilitating customer 
assistance, thereby minimizing downtime, false warranty returns, and customer 
inconvenience. 
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[0064] Fig. 4 depicts a remote monitoring system 86 which includes a 
local power delivery system 88 and a remote monitor 90. Power delivery system 
88 preferably is located at a local site 92, and remote monitor 90 is preferably 
located at a site remote from power delivery system 88. That is, power delivery 
system 88 may be located at a customer facility, and remote monitor 90 may be 
located remotely at a manufacturer facility, such as a field service facility or other 
manufacturer site, referred to as remote site 94. It should be noted that power 
delivery system 88 may include a local system monitor, such as described above 
with respect to Figs. 1-3. Remote monitor 90 may perform similar functions to 
system monitor 46 as described above and/or may provide alternate functions, 
such as remote monitoring and analysis, data collection, and rule generation. As 
described herein, remote monitor 90 interconnects to power delivery system 88 
utilizing a communications link 96, which may be a bidirectional link. This 
bidirectional link enables remote monitor 90 to receive data from power delivery 
system 88 and also enables remote monitor 90 to provide data or control 
commands to power delivery system 88. 

[0065] Fig. 5 depicts a block diagram for a remote monitoring system 
100 in which remote monitor 90 is located at remote site 94 and communicates 
with power delivery system 1 88a, power delivery system 2 88b, and power 
delivery system n 88n. Remote monitoring system 100 operates similarly as 
described above with respect to remote monitoring system 86. In addition, 
remote monitor 90 monitors a number of power delivery systems 88a, 88b, and 
88c, rather than a single power delivery system. Remote site 94 may be located 
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at a manufacturer installation, such as a customer service or design facility. 
Remote site 94 may alternatively be located at a customer location, but remotely 
from the location of power delivery systems 88a, 88b, 88n. 

[0066] As shown in Fig. 5, remote monitor 90 monitors operation of a 
plurality of power delivery systems which may be disbursed throughout local site 
92. Remote monitor 90 provides either a centralized monitoring location at the 
customer location, at a service site, some other remote location. 

[0067] Remote monitor system 90 stores data for the individual power 
delivery systems 88a, 88b, 88c and optionally stores data collectively for power 
delivery systems 88a, 88b, 88c. In this manner, a historical data set can be built 
for the entire power delivery system population, and individual data sets may be 
stored for monitoring the operation of individual power delivery systems. 
Alternatively, manufacturing system 90 forms other groupings of data collected 
for the monitored power delivery systems in real time or as a post processing 
operation. For example, data from power delivery systems located in proximity to 
each other at a particular local site may be grouped to provide environmental 
specific information. 

[0068] Fig. 6 depicts an expanded version of remote monitoring 
systems 86, 100. Remote monitoring system 102 depicts a further extension of 
the remote monitoring system concept. Each remote monitoring system 100, 
100', and 100" includes a plurality of power delivery systems 88a, 88b, 88n, and 
remote monitor 90. As shown in Fig. 6, like reference numerals are used to 
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designate like components with the addition of a single prime (') or a double 
prime (") to indicate the respective remote monitoring system. 

[0069] Each local remote monitoring system 100, 100', 100" outputs 
data to a global monitor 104. Remote monitoring system 100 may be located at 
a separate site from remote monitoring system 100', which may be located at a 
site remote from remote monitoring system 100". Each remote monitor 90, 90', 
and 90" collects data for the respective power delivery systems with which it is 
associated. Each remote monitor 90, 90', 90" then outputs data to global monitor 
104. It will be understood by one in the art that for any of remote monitoring 
systems 100, 100', 100", remote monitors 90, 90', 90", may be omitted, as each 
respective power delivery system 88 may output data directly to global monitor 
104. The system of Fig. 6 operates similarly as described above with respect to 
Figs. 4-5. Remote monitoring system 102 remotely monitors a global universe of 
power delivery systems 88 in order to collect data from a cross-section of power 
delivery systems 88 installed in varying environments, thereby enabling more 
accurate analysis and rule generation as described above with respect to Figs. 1- 
3. 

[0070] Fig. 7 depicts a block diagram for implementing remote data 
collection and monitoring system as described above with respect to Figs. 4-6. 
Control commences at start block 110 and proceeds to collect remote data at 
block 112. Block 112 collects the remote data as described above. Following 
collecting remote data at block 112, control proceeds to monitor parameters 
block 114. At monitor parameters block 114, the parameters defining operation 
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of power delivery system 88 are input to parameter database 60 of Fig. 2. Also 
in monitor parameters block 114, analysis engine 62 of Fig. 2 analyzes data 
received from parameter database 60 and generates conditions which are output 
to expert system 64. Control then proceeds to apply rules 116. Prior to 
application of the rules at apply rules block 116, rules are generated at generate 
rules block 118. Generate rules block 118 generates the rules as described 
above using either a fuzzy logic or neural network. The rules are stored in rules 
database 66. Apply rules block 116 compares the conditions received from 
analysis engine 62 with the rules received from rules database 66. Control next 
proceeds to determine action/alarms block 122. At determine action/alarms 
block 122, maintenance suggestions, warnings, fault conditions, and other 
possible action based data regarding power delivery system 10 are output from 
expert system 64 in the form of failure modes or flags. Control then proceeds to 
end block 124. 

[0071] Expert system 64 and apply rules block 124 utilizes a database 
of expected parameter behavior based upon normal operation, operation without 
failure, and a set of rules for using this data. Because many parameters of 
power delivery system 10 are effected by external variables such as AC line 
voltage ambient temperature, and load impedance, rules database 66 and 
analysis engine 62 must include these effects to prevent false warnings or fault 
modes. Such external variables can be addressed by creating a system model 
using a lookup table or empirically determined models based upon measurement 
data from sample power delivery systems. If actions/alarms block 122 
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determines that a fault, defined as a serious imminent failure requiring power 
delivery system 10 to shut down, or warning, defined as an abnormal operation 
or drift, is indicated, determine action/alarm block 122 states the appropriate 
action to protect power delivery system 10 indicates that a subsystem of power 
delivery system 10 or external utility requires service. This action protects both 
the power delivery system 10 and the overall customer system in which power 
delivery system 10 is installed. 

[0072] As described above, rules database 66 stores rules input to 
expert system 64. Such rules include both rules and expected values for a given 
system. With respect to the subject invention, the rules must be defined to 
prevent warning or failure indications when none actually exists. The two 
approaches described above with respect to Figs. 1-3 may be implemented to 
derive the rules and expected values. 

[0073] The remote monitoring systems described in Figs. 4-7 provides 
several features and benefits. The remote monitoring system described with 
respect to Figs. 5-7 enables a manufacturer or service center to provide expert 
assistance, monitoring, and analysis of remotely located power delivery systems. 
A local power delivery system preferably accepts configuration commands 
provided over a selectable medium, such as an intranet, an internet, a local area 
network (LAN), or a wide area network (WAN). Preferably, the selected interface 
converts data transmissions from a specified local protocol to a generally 
available, external protocol suitable for distance transmission to the remote site. 
Preferably, the configurable interface encrypts the data to afford suitable data 
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protection. In addition, the configurable interface enables the local user to define 
what data may be transmitted to the remote site. 

[0074] The above remote monitoring system provides several 
additional benefits. Service personnel may remotely monitor a power delivery 
system while the power delivery system operates at the remote location. In 
many instances, this may alleviate the need for returning the power delivery 
system to the manufacturer, as the unit may be diagnosed as installed at the 
local location by a field technician at a remote location. Each power delivery 
system need not individually store data, as such data may be stored by the 
remote monitor. Further, data may be accessed directly from the power delivery 
system, allowing for fast data acquisition. As described herein, the local site 
need only allow external access to the unit and define what information may be 
made available, this significantly reduces requirements for operators at the local 
site for gathering data. Field service technicians need not make unnecessary 
trips to perform on-site diagnosis, when such on-site diagnosis may effectively be 
done remotely by the service technician. Further yet, all data logging and 
analysis tools need only be located at the remote site, thus eliminating need for 
additional setup at the local site during installation of the power delivery system. 

[0075] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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